The iron(II) phosphonate complex [DEP-Fe(II)] was preparedbythe reaction of diethylphosphonate with iron(III) nitrate in acetonitrile . The compound has a sheet-like lamellar structure of (P-O-Fe-O-P-O-Fe-O-P) n,. The use of the DEP-Fe(II) complex could be as a solid acid catalyst in esterifications and as a color reagent for a spectrophotometric d etermination of l-naphthol.
INTRODUCTION
The phosphorus atoms in dialkyiphosphonates do not have a noncovalent electron pair. As a result, phosphorus in a dialkylphosphonate is known to be r elatively inactive in comparison with oxoacid esters of phosphorus such as trialkylphosphonates which are nonreactive in neutral solvents and reactive in basic solvents . [1] [2] [3] [4] In the presence of triethylamine, it is known to undergo a Michael -type addition reaction when it reacts with carbonyl groups or acrylonitrile and in the presence of water an oxidation -reduction reaction occurs when a dialkylphosphonate reacts with metal salts , such as mercury chloride. 5 Thus, dialkylphosphonate is understood only in terms of its addition reaction with unsatur ated bonds in the presence of tertiary amine alone , yet many aspects remain unclear regarding its reactivity with metal salts or differences in reaction based behavior in solvents .
The authors have previously reported on the application of the reaction of diphenylphosphonate with formaldehyde to form a functional resin containin g phosphorus. 6, 7 In present study the differences in reaction behavior of diethylphosphonate with iron(III) nitrate in water or acetonitrile were examined in detail and the mechani sm of the formation of the diethylphosphonate-iron complex was clarified . Diethylphosphonate was affected by the reaction solvent when it reacted with iron(III) nitrate and the reaction me chanisms and reaction products differed. In water, the reaction of diethylphosphonate with iron(III)nitrate promoted the dissociation of ethyl groups and phosphorylation was the main re action, so that a diethylphosphonate-iron complex could not be obtained .. In acetonitrile, however , phosphorylation did not occur and the diethylphosphonate-iron complex was synthesized through the formation of a stable intermediate in the reaction system . The mechanism by which this complex was created, as well as its properties were clarified .
The diethylphosphonate-iron complex was tested as a color agent for spectrophotometric determination of l-naphthol and the results are reported here .
EXPERIMENTAL

Reagents and equipments
Unaltered diethylphosphonate (DEP) was procured from Tokyo Kasei (K .K.). Only top grade solvents and ferric nitrate nonahydrate were used in the reactions. Diethylphosphonate and produced esters were analyzed by gas chromatography (Shimadzu; packing agents: BX-10 , UniportHP, Unisole400, UniportS). 31P NMR measurement was performed using an NMR measuring device (model GX-270, Nippon Denshi K.K.) after iron (III) was removed . The X-ray diffraction of the complex was investigated using a RAD-1B diffraction analyzer (Rigaku Denki K.K.).
Reaction of DEP in aqueous solution and in acetonitrile
An example of the reaction operation is presented here. To a 30 ml round-bottomed 3-necked flask provided with a reflux condenser and heater-mixer were added 6 ml DEP and 2 ml water. The interior of the reaction system was exposed to a blast of nitrogen gas , and then the flask was heated in a boiling bath. At specified intervals during the reactions , 2 ml of the reaction mixture were removed and the products were identified and quantified by gas chromatography. In another experiment 5 g of ferric nitrate were added to the DEP aqueous system and the change in reaction over time was similarly measured. This last experiment was repeated, but now instead of water, 5 ml of acetonitrile were added .
Preparation of DEP-Fe(II) complex
To a 30 ml round-bottomed 3-necked flask provided with a reflux condenser and heater-mixer were added 5 g of ferric nitrate dissolved in 10 ml of acetonitrile . Then 6 ml DEP were added and the interior of the reaction system was exposed to a blast of nitrogen gas and heated in a boiling bath. After reacting for 2 hours the solution was poured into water to isolate the DEP-Fe(II) complex.
Measurement of specific resistance
The specific resistance value of DEP-Fe(II) was measured by the following procedure . The complex was processed into cylindrical samples with various heights . The base area of the column was about 3 cm 2. Platinum electrodes (area: 0.25cm 2) were formed for the top and the bottom of the cylindrical samples. The current-potential characteristic (I-V curves) was measured using a potentiostat (Hokuto Denko HA-151) and the resistance (R) of the sample was obtained from the gradient of the straight line. The specific resistance value was calculated by the following 
Acid catal st abilit of DEP-Fe(II) on esterification
To a 30 ml round-bottomed 3-necked flask provided with a reflux condenser and heater-mixer were added 0.5 g of DEP-Fe(II) , 5 ml ethanol, 5 ml acetic acid and the solution was then heated in a boiling water bath . At predetermined intervals after the start of the reaction , 2 ml samples were taken out and the produced ester was quantified by gas chromatography . 
RESULTS
AND DISCUSSION
Reaction characteristics of DEP with ferric(III) nitrate
In an aqueous solution, DEP was too unstable to promote phosphorylation due to dissociation of ethyl groups. In acetonitrile , DEP was stable without phosphorylation occurring . These results are shown in Fig . 1 . When ferric nitrate was added to DEP in aqueous solution , phosphorylation of DEP was complete in a shorter time. This time iron(III) was reduced to iron(II) and diethylphosphonate was oxidized to monoethylphosphite and as a result it was impossible to obtain the DEP-Fe(II) complex .
In acetonitrile solvent a DEP-Fe(II) complex was produced. The reaction behavior in acetonitrile varied depending on whether the reaction took place in air or in a nitrogen atmosphere. When DEP and ferric nitrate were mixed in the presence of air , the reaction proceeded explosively for 10 min and produced a white powder-like product , but the product had poor reproducibility because of accompanying ignition . This ignition occurred through the combustion of hydrogen (generated by the cleavage of the P -H bonds) and oxygen in air . In this reaction system there was simultaneously an oxidation -reduction reaction caused by the oxidation of DEP and reduction of iron(III) . In a nitrogen atmosphere the reaction could be controlled and a desirable yield of DEP-Fe(II) complex was produced with excelle nt reproducibility. This product was a viscoelastic macromolecule and its skeletal structure is (1)
The result of element analysis: C, 16 .22%; Fe, 24.15%; P, 20.09%, which approaches the calculated values based on the structure of (1), which were C , 15.86%; Fe, 24.67%; P, 20.48%. The infrared spectrum showed the following absorptions P-H 2425 cm-1 , P=O 1155 cm -1, P-O-C 955 cm -1, and in 1H-NMR after removal of iron ions by hydrolysis ,JP-H=610 Hz was observed, suggesting the structure of complex (1).
The mechanism of the formation of the DEP-Fe(II) complex is shown in Scheme 1 . In acetonitrile solvent the intermediate (2) In this reaction a molecule of DEP was oxdized to monoethylphosphite and Fe(III) was simultaneously reduced to Fe(II). nearly the same yield as obtained using hydrochloric acid.
In the esterification of acetic acid with primary alcohols from C3 to C6, the yields were about 63%. 
Effect of HucsR-Fe(II)Complex concentration on coloration
Various amounts of the DEP-Fe(II) complex were reacted with 4 mg l -1 1-naphthol to produce coloration . The effect of the DEP-Fe(II) complex concentration on the coloration of 1-naphthol is shown in Fig . 9 . The concentration of the DEP-Fe(II) complex is optimal at about six times the 1-naphthol concentration. 
